There have been few clinical studies in the area of cervical spine that focused on surgery for treating degenerative lumbar disease in patients with rheumatoid arthritis (RA). High rates of wound complications and instrumentation failure have been reported more for RA than for non-RA patients, although clinical outcomes are similar between the two groups. Lumbar canal stenosis in RA is caused not only by degeneration but also by RA-related spondylitis, which includes facet arthritis and inflammation around the vertebral endplate. The pitfalls in surgical management of lumbar canal stenosis in RA patients are highlighted in this study. The study reviewed 12 patients with RA,who were surgically treated for lumbar canal stenosis. Two out of five patients with pulmonary fibrosis died of worsened pulmonary condition, even though there were no perioperative pulmonary complications. Two patients with pedicle screw fixation showed no instrumentation failure, but two patients with spinous process fixation needed reoperation or vertebral fracture. Surgical treatment for lumbar canal stenosis in RA patients needs to be individually adjusted. Preoperative assessments and treatments of pulmonary fibrosis and osteopenia are essential. Surgery for lumbar canal stenosis with RA should be deferred for patients with advanced pulmonary fibrosis because of its potential life-threatening risk. Fusion surgery is indicated only in patients with kyphosis or severe symptoms caused by intervertebral instability. Pedicle screw fixation with hydroxyapatite granules or sublaminar tape is recommended. Closer follow-up after surgery is necessary because of possible delayed wound infection, instrumentation failure, pathological fracture, and respiratory deterioration.
Introduction
Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease of unknown cause. It is characterized by persistent synovitis that affects hands and feet, although any joint lined by a synovial membrane may be involved. Extra-articular involvement of organs such as skin, heart, lungs, and eyes can be significant. 24) Although cervical lesions are more common as spinal involvement of RA, lumbar lesions are not as infrequent as previously reported. Lumbar lesions of RA involve not only the facet, which is a synovial joint, but also tissues around the vertebral endplate. 2, 3, 7, 13, 14, 16, 19, 23, 25) Compared with the attention paid to the cervical lesions, there have been relatively few reports in English about surgical treatment for degenerative lumbar lesions with RA. 3, 11, 16) Surgery for lumbar canal stenosis relieves leg pain and neurogenic claudication adequately in RA as well as non-RA patients. However, the rate of perioperative complications, such as wound infection or instrumentation failure, has been reported more often in RA patients than in non-RA patients. 3, 11) In this study, we describe the pitfalls in surgical management of lumbar canal stenosis with RA.
Materials and Methods
A total of 12 patients (9 male and 3 female, age range: 61-79 years, mean age at the time of surgery: 73.0 years) with RA were surgically treated for lumbar canal stenosis at Kameda Medical Center in Japan between January 2007 and December 2009 ( Table 1) . The mean duration of RA was 9.8 years (range: 1-20 years) and the mean follow-up period was 20.6 months (range: 3-39 months). Eight patients had developed RA after the age of 60 years. All patients had severe leg pain, although they had received conservative treatments for several months. RA progression was classified by radiographic findings and soft-tissue findings at the most affected joint, 26) followed by Steinblocker RA stages: I (early, osteoporosis) in two patents, II (moderate, osteoporosis with slight destruction of cartilage and bone) in six patients, III (severe, osteoporosis with destruction of cartilage and bone) in one patient, and IV (terminal, bony ankylosis) in three patients. Eleven patients took oral prednisolone (range 2-9 mg/day, mean 5 mg/ day) and seven patients took methotrexate (range 8-10 mg/week, mean 8.9 mg/week) at the time of surgery. Three patients had received biological disease-modifying antirheumatic drugs, and total hip arthroplasty had been performed in three patients. All patients had checked their bone mineral density and were treated with medication according to the current existing guidelines. 21) Five patients had complicating pulmonary fibrosis, and three of them had received biological drugs. Three patients presented with asymptomatic atlantoaxial subluxation, and one patient underwent anterior cervical decompression and fusion for cervical spondylotic myelopathy.
The diagnostic protocols consisted of plain radiography, myelography, computed tomography (CT) scans after myelography, and magnetic resonance imaging (MRI). The clinical presentation and treatment outcomeswere assessed using the Japanese Orthopaedic Association scale (JOA score) for low-back pain ( Table 2) . 18) The maximum score on the JOA is 29. The recovery rate was calculated using the Hirabayashi method (recovery rate = [postoperative JOA score-preoperative JOA score] ×100/(29-preoperative mJOA score) 8) and was defined as excellent (100-75%), good (74-50%), fair (49-25%), unchanged (24-0%), or deteriorated (score < 0%). Surgical procedures and postoperative complications were also analyzed. In principle, we performed decompression surgery, laminectomy or laminotomy, to release the compression of neural structure in all cases. Additional fusion or fixation surgery was performed based on a risk-benefit analysis and where found necessary.
Results

I. Radiological findings
Wedging of the intervertebral space (tilting angle > 5°) was present in five patients. Lumbar scoliosis (Cobb angle > 10°) was observed in six patients, and one of them showed also kyphosis. Intervertebral instability (> 4 mm in translation or > 10° in sagittal rotation) was evident in six patients. Among them, three patients showed instability in translation and three showed instability in rotation. Facet erosion on CT scans was present in four patients (Fig. 1 ). An irregular lesion around the endplate was evident in four patients. This lesion showed low intensity both on T 1 -and T 2 -weighted MRI images with a wavy line and spreading from the discovertebral junction to vertebral body (Fig. 2) . Pathological fracture caused lumbar canal stenosis in Case 12, in which the patient had suffered from 
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All patients reported relief from preoperative symptoms after surgery and by the time of discharge from the hospital. The mean JOA scores were 12.6 (range: 3-20) points before surgery and 19.6 (range: 10-26) at the final follow-up, with a mean recovery rate was 42.7% (range: -8% to 75%). An excellent or good recovery rate (more than 50%) was obtained in five patients. On the other hand, an unchanged or deteriorated recovery rate (less than 25%) was observed in four patients.
One patient (Case 11) underwent reoperation for a recurrence of leg pain 9 months after the initialinterspinous fixation surgery. CT scans and MRI before the second surgery revealed lateral recess stenosis by the hypertrophic granulation caused as a result of fixation failure (Fig. 4) . We removed the low-back pain in standingup from sitting position.
II. Surgical procedures and outcomes
Eight patients underwent only decompression surgery. Fusion surgery with a pedicle screw system was performed only in cases with severe instability or deformity. In Case 9, we performed posterolateral lumbar fusion for preventing the deformity progression because the patient had complained severe low-back pain with lumbar kyphosis as well as severe leg pain. In Case 7, the patient had severe lumbago and sciatica with walking and any body movement, and we performedtransforaminal lumbar intervertebral fusion for the existing severe intervertebral instability. Hydroxyapatite granules/sticks for augmentation were inserted in the pedicle holes as bioactive materials for enhancement of pedicle screw fixation. Both patients had their symptoms relieved without instrumentation failure after surgery (Fig. 3) . We performed interspinous fixation surgery with S-plate (Kisco DIR Co. Ltd., Osaka) and without bone grafting for controlling the intervertebral motion in Cases 11 and 12. They were in apoor condition due to severe pulmonary fibrosis (Case 11) or were undergoing chemotherapy for colon carcinoma (Case 12). Both of them complained mainly leg pain and underwent surgery under general anesthesia in the same way as other cases. The extent of decompression was one intervertebral level in four patients, two levels in six patients, and three levels in two patients (see Table 3 for details). granulation mass and performed facet screw fixation. One patient (Case 12) presented with another pathological fracture at an adjacent vertebral body at 1 month after the initial interspinous fixation surgery. It consolidated with conservative treatment (Fig. 3) . Postoperative wound infection at 6 months after surgery was observed in one patient (Case 4) and resolved with conservative management.
Two of the five patients who had a concomitant pulmonary fibrosis died of respiratory failure at 6 and 13 months after surgery, although they were discharged in good general condition without perioperative pulmonary complications.
Discussion
Although the cervical spine is frequently affected by RA, the frequency of lumbar lesions in RA is not considered to be as low as previously described. 13, 23) Compared with the attention paid to cervical lesions, there have been relatively few systematic reports on the surgical treatment of lumbar lesions in patients with RA. 3, 11, 16) Several reports have described that a significant number of patients with RA have abnormal radiological findings in the lumbar spine, and some of them reported that the incidence in patients with RA is higher compared to that observed in patients without RA. 6, 13, 23) On the other hand, Harzy et al. described radiological lumbar lesions, expect for vertebral fracture, were not more frequent among RA patients than among control populations. 5) Introduction of biological drugs and early treatment by early diagnosis improve treatment results for RA. 4, 22, 24) The number of severeRA-related cervical lesions, in which the main pathology is synovitis, is expected to decrease with early treatment andintroduction of biological drugs. Furthermore, the number of lumbar lesions with RA may increase because ofthe following reasons: (1) The background pathology is degeneration and (2) improvement of RA treatment will prolong life expectancy, and as a result, the number of RA patients with age-related degeneration of spine will increase. Two major sites of pathology in RA-associated lumbar lesions are facet joints and vertebral endplates. 2, 3, 7, 13, 14, 16, 19, 23, 25) Facet joints, also known as apophyseal joints, are synovial joints as well as peripheral joints. 29) Synovitis probably starts in facet joints with erosion of cartilage and subchondral bone in exactly the same fashion as seen in peripheral joints. 3, 7, 13, 16) Chronic facet arthritis leads to erosion of facet joints, which causes, or enhances, intervertebral instability. In the present study, we observed distinct erosion of facet joints in the CT scans of four patients (25%), which is in agreement with the findings of Kawaguchi et al., who reported an affect rate of 20% in RApatients. 13) Another lesion probably starts at the discovertebral junction as an enthesopathy with chronic inflammation around the vertebral end plates, leading to spondylodiscitis. 2, 3, 7, 13, 14, 16, 17, 19, 23, 25) The endplate consists of hyaline cartilage in which Type II collagen is predominant, and its biochemical structure is similar to that of the synovial joint. 9) This inflammation at endplate leads to structural destruction of discovertebral junction, which causes or enhances disc wedging, intervertebral instability, and lumbar deformity. Kawaji et al. reported the pathognomonic findings around the endplate on MRI as a wavy image, which spreads from the discovertebral junction to the vertebral body and shows low signal intensity on both T 1 -and T 2 -weighted MRI images in a wavelike fashion. 14, 19) It may indicate invasion of the pannus or rheumatoid nodule invasion around the endplate. 14) This endplate lesion on MRIwas evident in four patients of this study (25%), a rate similar to that reported by Kawaguchi et al., -20%. 13) On the other hand, RA can be treated with oral steroids to decrease the associated inflammation. Corticosteroids are known to be associated with osteopenia, in addition to that associated with RA. 15) Degeneration of spine, in addition to the aforementioned pathological conditions, induces lumbar canal stenosis in patients with RA. These pathological changes tend to induceintervertebral instability and spinal deformity. We found instability in six patients (50%) and scoliosis in five patients (42%) in the present study. Kawaguchi et al. pointed out postural anomaly such as scoliosis in 28% and olisthesis in 23% in their study sample of 106 RA patients. 13) We performed lumbar fixation with pedicle screws only for those with severe instability or deformity. Crawford et al. reported more wound complications and implant complications in lumbar fusion of RA patients thanfor non-RA patients, although the clinical outcomes were similar between the two groups. 3) These complications were likely a result of relative immunodeficiency and osteopeniacaused by RA itself or therapeutic drugs for RA, such as steroids and methotrexate. We inserted the pedicle screws using hydroxyapatite granules. Instrumentation surgery for patients with osteoporosis requires some measures for preventing instrumentation failure. Hydroxyapatite granules into each pedicle hole enhance pedicle screw fixation in osteoporotic pedicles and vertebrae in the early stages after surgery. 10) Sublaminar wiring by ultra-high molecular-weight polyethylene tape provides a stiffer pedicle screw-rod construct than without augmentation by tape. 27) Even with the aforementioned technical recommendations, fusion surgery for lumbar canal stenosis in RA is adopted only when it is absolutely necessary, given its perioperative risk. 3, 11) In this study, we performed interspinous fixation surgery for controlling the intervertebral motionin two patients with one-level lesion, given their poor general conditionrelated to severe pulmonary fibrosis (Case 11), or chemotherapy for colon carcinoma (Case 12). However, revision surgery was needed because of instrumentation failure and granulation aroundthe facet in Case 11 and an adjacent pathological fracture was observed in Case 12. An interspinous fixation system has been developed for short in situ fusions in select patients. 12) But interspinous fixation surgeryis inadequate for lumbar canal stenosis with RA because of its diverse pathological affection and, therefore, unpredictable biomechanics.
All patients showed major improvement in their leg pain as mentioned in previous reports. 3, 11, 16) However, recovery rate was less than 25% in four patients (33%) in the present study. Arthralgia due to RA, including low-back pain and joint pain, may have restricted the activities of daily living and led to this poor outcome. Three patients had undergone total hip arthroplasty (25%), and four patients had suffered from cervical lesion (33%). We have to evaluate separately leg pain from lumbar canal stenosis and knee or hip pain from RA. We had to also pay attention to prevent excessive neck motion under general anesthesia,since the patient should be kept immobilized with a cervical orthosis in case of atlantoaxial or subaxial subluxation.
Osteoporosis may cause instrumentation failure or pathological fracture after surgery. In cases of instrumentation surgery for lumbar canal stenosis in RA, postoperative orthosis treatment is stricter and longer than usual due to osteopenia. All patients who took oral steroid at the time of surgery have received medical treatment according to the current guidelines. 21) Preoperative treatment of osteoporosis is essential forsurgery in RA-related lumbar canal stenosis. The immunosuppressive condition caused by steroids or methotrexate as an antirheumatic drug may enhance the risk of delayed wound infection (Case 4). Two of the five patients with pulmonary fibrosis died of respiratory failure (42%) in the follow-up period, an outcome unrelated to the surgical management. Pulmonary fibrosis is a major life-limiting condition for a patient with RA-related lumbar canal stenosis and requires considerationwhile deciding on treatment to be given.
Surgical treatment for lumbar canal stenosis in RA needs to be tailored individually for each patient on the basis of his or her preoperative general condition and the evaluation of risks and benefits associated with fixation surgery. Adequate preoperative assessment of respiratory function is important because pulmonary affections in RA, such as pulmonary fibrosis, were reported to have a marked adverse impact on the morbidity and premature mortality of RA patients. 20, 28) Amital et al. reported that pulmonary complications were directly responsible for 10% to 20% of overall mortality in RA patients. 1) Deterioration of pulmonary fibrosis is life-threatening for a patient with RA. In this study, two patientswith pulmonary fibrosis died of respiratory failure, even though they didnot have perioperative pulmonary complications. Surgical treatment of lumbar canal stenosis is definitely not indicated for an RA patient with active pulmonary fibrosis and is avoided for advanced pulmonary fibrosis. A patient with osteoporosis as a consequence of RA and/or steroid treatment also has to be observed adequately to gauge the severity of condition. Decompression surgery for lumbar canal stenosis without instrumentation can be recommended for patients with pulmonary fibrosis requiring early ambulation and short anesthesia time. Lumbar fusion surgery for lumbar canal stenosis with RA is indicated only in cases with kyphosis or severe symptoms caused by intervertebral instability, and pedicle screw instrumentation system with hydroxyapatite granules or sublaminar tape is the preferred procedure in such cases. In cases of poor overall condition, decompression surgery without fixation and postoperative orthosis treatment are recommended. Closer follow-up is necessary after surgery for lumbar canal stenosis in RA compared to the other etiologies because delayed wound infection, instrumentation failure, pathological fracture, and respiratory deterioration are more frequent in RA than in non-RA patients.
